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even if amended herein or later during prosecution. 

Claims 1 and 4-17 are all of the claims pending in the present Application. 

Claims 1, 4-6, 15, and 16 stand rejected under 35 USC § 102(e) as anticipated by US 
Patent 5,959,307 to Nakamura et al. Claims 9 and 17 stand rejected under 35 USC § 102(b) as 
anticipated by US Patent 5,777,350 to Nakamura et al. Claims 7, 8, and 10-14 stand rejected 
under 35 USC § 102(e) as anticipated by or, in the alternative, under 35 USC §103 (a) as 
unpatentable over US Patent 5,959,307 to Nakamura et al. 

These rejections are respectfully traversed in view of the following discussion. 

1. The Claimed Invention 

As described and claimed, for example by claim 1, the present invention is directed to a 
group III nitride compound semiconductor light-emitting device including a light-emitting 
layer of a multilayer quantum well structure including alternately laminated well layers and 
barrier layers and an n-type clad layer being in contact with the light-emitting layer. The n- 
type clad layer is made thicker than each of the barrier layers and the thickness of the n-type 
clad layer is in a range of 100 A to 500 A. The n-tvoe clad laver is formed of a material 
substantially the same as the barrier lavers . thereby providing a band gap in the n-type clad 
layer that is substantially the same as a band gap in the barrier layers. 

With such unique and unobvious features, high light intensity is provided by securing 
the effect of confining carriers sufficiently in the light-emitting layer while keeping color purity 
intact . 

This aspect of color puritv is significant in the art . The present invention has high 
color purity by forming barrier layers and a clad layer with essentially the same materials. 
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thereby band gaps of these layer are essentially equal. 

A band gap in the well layer depends on the thickness of the barrier layer and the 
thickness of the well layer, as represented by the Kronig & Penny model shown in Equation 
(1) in the attached Appendix I (Lb: thickness of barrier layer; Lz: thickness of the well layer). 
For the Examiner's convenience, this equation is explained in detail in the attached Appendix 
II "Introduction for Solid-State Physics", on page 243 and 245 (1 1-19). 

The energy level of the well layer is determined by these factors, so it is not easy to 
enhance the color puritv of the emitted light . 

For example, US Patent 5,959,307 to Nakamura discloses an AlGaN layer 201 formed 
just below the first well layer, which is different from the GaN barrier layer. In this case, a 
larger compression strain is applied to the first well layer , as compared to the present 
invention. This strain affects the band gap of the first well layer, and more specifically, 
reduces the band gap and, thereby, increases the wavelength of the emitted light. 

The relationship of the lattice constant is InGaN > GaN > AlGaN. In Nakamura, the 
first well layer InGaN (column 6, line 15-16) is sandwiched between the n-clad layer AlGaN 
201 with a small lattice constant and the barrier layer GaN with middle lattice constant. 
Therefore, the compression strain acting on the first well layer is made larger. 

Even though assuming arguendo that the possibility of using AlGaN as the barrier layer 
is alluded to in column 6, line 29, there is no suggestio n in Nakamura that color purity 
depends upon using the same materials . Therefore, without some indication in Nakamura that 
the problem of color purity can be addressed by using the same materials. Applicants 
respectfiilly submit that one of ordinary skill in the art would consider that Nakamura actually 
teaches against the concept of the present invention that the band gap of the n-type clad layer 
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is made essentially equal to the band gap of the barrier layer, particularly in view of the levels 
shown in Figure 5 of Nakamura. 

n. The New Prior Art Rejection Based on Nakamura '350 

The Examiner maintains the rejection based on US Patent 5,959,307 to Nakamura et 
al., as modified to incorporate a new rejection based on US Patent 5,777, 350 to Nakamura et 
al. In this section, Applicants respond to this latest rejection based on Nakamura '350. 

Moreover, ahhough Applicants have responded to the rejection based on Nakamura 
'307, in Section IV below, in order to allow the Examiner to update this somewhat dated 
rejection in view of the following discussion for the latest rejection, a listing of perceived 
deficiencies for the Nakamura '307 rejection is provided. 

In the Office Action dated August 6, 2003, the Examiner alleges that Nakamura '350 
anticipates the present invention as described by claims 9 and 17. However, Applicants 
respectfully disagree. 

A key feature of the present invention, as defined by claim 1, is that, as described by 
lines 3-5 of page 9 of the specification, the barrier lavers and n-tv pe clad laver are made of 
substantially the same material , by reason that the barrier layers are formed using "the same 
condition as used for forming the n-type clad layer". 

Applicants again respectfiilly submit that the rejections of record based on either 
Nakamura reference possesses a basic flaw that must be properly addressed prior to 
proceeding to appeal. 

More specifically, the rejection of record merely observes that the statements in both 
references leaves open the possibility of the combination of elemen ts defined by the claims of 
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the present invention. 

That is, contrary to the allegations in the rejections of record, a fair and rea sonable 
reading of these references clearly demonstrate that there is no suggesti on whatsoever in either 
reference to construct the barrier layer to be essentially identical to t he n clad layer adjacent to 
the active layer . 

The Examiner merely points to a statement of possible components and then confiises 
the possibility inherent in this potential list of components as constituting either a teaching or a 
suggestion to make the claimed combination. 

As Applicants have already pointed out on the record, this approach in the rejections 
of record violates the guideline in MPEP §2143.01: "The mere fact that references can be 
combined or modified does not render the resultant combination obvious unless the prior art 
also suggests the desirability of the combination" (emphasis in MPEP). 

The present invention is clearly a new combination of elements , even if these elements 
can be found in isolation, based on a listing of potential components and/or ranges in a prior 
art reference. That is, the present invention teaches that having essentially identical 
composition for the barrier layers and adjacent n-clad layer provides a significant advantage. 

The new rejection based on Nakamura '350 raises exactl y the same issues presented by 
the rejection based on Nakamura '307 in that the Examiner points to a listing of possible 
components and concludes that, by reason that the possibility exists in Nakamura '307 to re- 
combine elements differently than explicitly described therein , the reference anticipates the 
new combination of elements defined by present invention. However, it is totally irrelevant 
that the present invention ca?{W be reconstructed fi-om the ranges and possible components in 
Nakamura '350 (or Nakamura '307), given the advantage of having read the present 
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specification. 

More specifically, even if all allegations in Paragraphs 3 and 3 a of page 2 of the Office 
Action dated August 6, 2003, were correct , it remains incorrect to allege that Nakamura '307 
teaches the use of substantially the same material for the barrier layer and the first n-clad layer. 
That statement is nowhere to be found in Nakamura '307. It is the Examiner, n ot the prior art 
reference, who makes this combination. 

Moreover, relative to claims 9 and 17, in Paragraph 3b on page 3 of the Office Action, 
the Examiner further concludes that the express teaching to use a substantially different 
material for the cap layer "... does not teach away from using GaN for the cap/clad. Rather, 
the reference teaches that using GaN was known, but that AlGaN is better." 

Applicants submit that the Examiner's above description of Nakamura '350 can only 
be interpreted as expressly teaching awav from using GaN as an element. 

m. The Prior Art Rejections Currently of Record Use Incorrect L e^al Standards and 
Incorrectly AddIv the Facts in the Nakamura References 

The underlying basic flaw in the rejections of record is that the Examiner appHes a 
number of incorrect legal standards. 

First, for anticipation, a single reference must teach every elem ent of the claim (e.g., 
see MPEP §2131). That is, the Federal Circuit has repeatedly emphasized that anticipation is 
established only if (l) all the elements of an invention, as stated in a patent claim, (2) are 
identically set forth, (3) in a single prior art reference. 

In the present Application, the Examiner continues to maintain that Nakamura *307 
and Nakamura '350 both teach the claim limitation of independent claims 1 and 15. To do so. 
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each reference must teach: 

- a light-emitting layer having a multilayer quantum well with barrier layers; and 

- an n-tvpe clad layer in direct contact with the light-emitting layer that is thicker than 
the barrier layers and that is formed of substantially the same material as that of th e barrier 
layer . 

However, as previously pointed out, none of the three embodiments shown in Figures 
2, 3, and 4 of Nakamura '307 and none of the 15 examples described in columns 14-18 teach 
(or even suggest) using an n-type clad layer in direct contact with the light-emitting layer that 
is formed of substantially the same material as that of the barrier layer . 

It is the Examiner who alleges that Nakamura could be modified to satisfy this claim 
limitation. 

Similarly, there is no teaching or suggestion in Nakamura '350 that the barrier layers 
and the n-type clad layer adjacent to the light-emitting layer be formed of substantially the 
same material in any of the nine embodiments shown in Figures 1-16 and described in columns 
6-34. Nor do any of Example 1 through Example 27 teach or suggest this claim limitation. 
Indeed, most of the examples in Nakamura do not even have barrier layers of a muhilayer 
quantum well and use, instead the single-quantum well structure. 

Again, it is the Examiner who alleges that Nakamura '350 could be modified because 
elements are considered as being known in the art. Furthermore, it is noted that the Examiner 
cites and applys Nakamura after a close and thorough reading of Applicants' own 
specification. 

As best understood, the Examiner's reasoning in an anticipatory rejection under 35 
use §102 is that, if a possibility exists to modify the reference in a manner not suggested in 



09/522,832 
T36-120877M/KOH 



8 



that reference, the mere possibility of such modification satisfies as being an express or 
inherent teaching . 

That reasoning is not the legal standard. The Examiner has the initial burden to point 
out explicitly each claim limitation in a rejection under 35 USC §102. If that reference must 
be further modified to satisfy the limitation, then the Examiner has the burden to proceed with 
a rejection analysis under 35 USC §103, rather than anticipation. 

That is, in the present Application, the rejection of record does not point to an express 
teaching anything in the two references to justify that "substantially the same material" is used 
for both barrier layers and the adjacent n-clad layer . (As discussed aboye, the Nakamura 
references are clearly deficient in teaching or suggesting this Umitation.) Instead, the rejection 
declares that the limitation would be satisfied if the embodiments described were further 
modified to incorporate a structure not expressly described but which would be possible if one 
or more generalized statements were to be implemented in accordance with the claim 
limitation. 

Second, the Examiner further alleges that the ranges recited in various claims are 
additionally obvious because these ranges fall within or overlap ranges recited in Nakamura 
'307. 

There are at least two underlying basic problems with this analysis of ranges. First, as 
described in MPEP §2131.03, each range must be analyzed to determine if 

"... the claimed subject matter [is] disclosed in the reference with 'sufficient 
specificity to constitute an anticipation under the statute \,„ If the claims are directed to a 
narrow range, the reference teaches a broad range, and there is evidence of unexpected 
results within the claimed narrow range, depending on the other facts of the case, it may be 
reasonable to conclude that the narrow range is not disclosed with 'sufficient specificity ' to 
constitute an anticipation of the claims The unexpected results may also render the claims 
unobvious'' 
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Applicants submit that the rejection currently of record fails to take the above- 
identified approach of MPEP §2131.03. The rejection fails to properly address the claimed 
narrower ranges, which Applicants consider as providing optimum ranges rather than the 
broad ranges mentioned in Nakamura. 

Second, Applicants have stated on the record that the ranges recited in the claims, in 
combination with the limitations of independent claim 1, provides the unexpected result of 
high light intensity while keeping color purity intact. That is, considering even claim 1 alone, 
the present invention combines the aspect of confining carriers in the n-clad layer by using 
thickness, rather than band gap, the present invention provides a crystal interface at the n-clad 
interface that improves color purity and intensity. 

The other recited ranges of other parameters improve the intensity of these two 
effects. Thus, Applicants submit that the Examiner's reliance, in paragraph 4.b.iv. on page 5 
of the Office Action on In re Luck is misplaced. That is. Applicants submit that there is an 
unexpected result achieved in combining even the elements of claim 1. 

The Examiner attempts, in Paragraph 6a on page 8 of the Office Action dated August 
6, 2003, to characterize this unexpected result as being "... another advantage which would 
flow naturally from following the suggestions of the prior art:' 

Applicants submit that the problem with the Examiner's characterization is that the 
Nakamura references fail to teach or even suggest the combination of elements described in 
claim 1. It is the Examiner who suggests that these references cou ld be modified as described 
in claim 1. Thus, unless the Nakamura references teach the specific combination defined in 
claim 1, there cannot possibly be "another advantage which would flow naturally" fi-om 
Nakamura. 
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The Examiner relies upon Ex parte Lee (Board of Patent Appeals and Interferences), 
3 1 USPQ2d 1 105 (1993), to justify the approach in the rejection of record for ranges. This 
reliance on Lee is also misplaced, since that decision involved a case in which the invention 
was identical in all other respects except a single variable which fell within a range described in 
the reference. 

In contrast, in the present invention, Applicants traverse that the Nakamura references 
even suggest the limitation of having substantially same material for the barrier lavers and the 
adjacent n-clad layer of the independent claim 1, let alone the substantially same material for a 
cap layer on the side of the active layer opposite the n-clad layer, as additionally required by 
dependent claim 9, which claim 9 is further the basis for claims 10-14. 

In contrast to the facts of Lee, the claims of the present invention describe a 
combination of ranges of different parameters . For example, claim 1 addresses the thickness 
range of the n-type clad layer, claims 5 and 6 address ranges of ratio of elements in the 
intermediate layer, claim 8 address relative thicknesses of the barrier layer and the well layer, 
claims 10-13 address the thickness of the p-type clad layer, and claim 14 addresses the range 
of ratio of elements in the p-type clad layer. 

Stated differently, these claims describe a successively more comp lex combination of 
elements that is conjunctively interconnected. The Examiner has the initial burden to reject the 
combination of ranges of the different parameters as a cumulative combinatio n of elements. 
This approach is not taken in the rejection of record. Instead, the rejection relies on assuming 
that narrow ranges are inherently included in broader ranges of the references and, therefore, 
obvious. 

Applicants submit that the appropriate legal standard appropriate to the analysis of the 
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present Application is better defined in MPEP §2144.05 IL B. in which section it is described 
that each particular parameter must first be recosjiized as a result-effecti ve variable. i,e., 
a variable which achieves a recognized result, before the determination of the optimum or 
workable ranges of said variables might be characterized as routine experimentation 
(emphasis by Applicants)." This section is citing In re Antonie, 559 F.2d 618, 195 USPQ 6 
(CCPA, 1977). 

The following words fi-om that case would seem an appropriate criticism of the 

technique of the rejection currently of record, as follows (emphasis by Applicants): 

"In determining whether the invention as a [whole] would have been obvious under 
35 U.S.C, §103, we must first delineate the invention as a whole,,.. Just as we look to a 
chemical and its properties when we examine the obviousness of a composition of matter 
claim, it is this invention as a whole, and not some part of it, which must be obvious under 35 

U.S.C §103 The PTO and the minority appear to argue that it would always be obvious 

for one of ordinary skill in the art to trv varying every parameter of a system in order to 
optimize the effectiveness of the system even if there is no evidence in the record that the 
prior art recognized that particular parameter affected the result. As we have said many 
times, obvious to try is not the standard of 35 U.S.C, §103.... Disregard for the 
unobviousness of the results of 'obvious to try ' experiments disregards the 'invention as a 
whole ' concept of § 103,.... and over-emphasis on the routine nature of the data gathering 
required to arrive at appellant 's discovery, after its existence become fsj expected, overlooks 
the last sentence of §103. " 

That is, in the two prior art Nakamura references, there are, taken together, 12 
embodiments and 42 examples . These embodiments and examples present a variety of 
different values and combinations to provide a variety of parameters that include composition, 
ranges of composition, thicknesses of various layers, and absence of some layers in some 
configurations. 

None of the embodiments/examples of these two references provide a single example, 
or makes a suggestion, or even recognizes the possible significance of the parameter that the 
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barrier layer and the n-clad layer composition be identical (e.g., "substantially the same 
material"). That is, none of the 12 embodiments or the 42 examples in the two Nakamura 
references provide even a suggestion that this parameter might be significant in any way. 

It is the present invention that identifies the significance of this parameter of common 
composition. 

As previously explained on the record, this feature of the present invention in which 
the barrier layer and n-type clad are the same material provides colorimetric purity of the 
emitted light . If the barrier layer and n-type clad differ in material, then the lattice constants of 
these layers v^ll also differ. 

It makes a difference between the strain imposed on the lowermost well layer adjacent 
to the n-clad layer and the strain on the other well layers. As shown in Figure 1 of the present 
Application, there are three well layers 161, and the quantum level of the lowermost well layer 
differs from that of other layers. Each of the well layers respectively emits light, but the color 
of the light (wavelength) from the lowermost well layer would differ from light emitted from 
the other two layers due to the difference of the strain, if strain were not matched, since it is 
known that such strain affects the quantum level of the layer. 

That is, only the lowermost well layer among the three well layers is adjacent to the n- 
clad layer on one side opposite to the barrier layer. Accordingly, if the n-clad layer is made of 
different material from the barrier layer, then the quantum level state on respective sides of the 
lowermost well layer would be asymmetric, thereby affecting the quantum level of the well 
layer itself, which exists between two layers. 

The total light is a mixture of the three light emissions from the three respective light 
well layers. Accordingly, colorimetric purity of the total light is deteriorated if the n-clad layer 
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is made from material different from that of the barrier layer. 

In contrast, in the present invention, substantially the same material is used for the 
barrier and n-type clad, thereby making equal the strain on each well layer and making 
symmetric the quantum level on both sides of the lowermost well . As a result, colorimetric 
purity of the total light can be maintained in the present invention. No such feature of the n 
type cladding layer and the barrier layers being formed of substantially the same material is 
suggested in Nakamura. 

IV. Specific Deficiencies of the Claim Rejections Currently of Record 

To summarize the deficiencies of the rejections currently of record. Applicants submit 
the following listing to permit the Examiner to address this Usting on the record prior to 
proceeding to appeal. 

Relative to claims 1 and 15 , the rejection of record is deficient for the following reasons: 

1 . As pointed out above, neither Nakamura '307 nor Nakamura '350 teaches or even 
reasonably suggests using substantially the same materials for the n-clad and the barrier layers. 
The fact that the materials listed therein would allow the combination is irrelevant, unless the 
Examiner can demonstrate a reasonably proper motivation. That is, this limitation is a very 
narrow limitation of the broad ranges of compositions/potential combinations of compositions 
listed in Nakamura. Applicants have stated the significance on the record of this parameter 
and that it provides an unexpected result. 

Hence, turning to the clear language of the claims, there is no teaching or suggestion 
that "... said n-type clad layer is formed of a material substantially the same as said barrier 
layers, thereby providing a band gap in said n-tvpe clad layer that is substantially the same as a 
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band gap in said barrier layers ." 
Relative to Claim 6 : 

1 . This claim defines a narrow range for the intermediate layer In^Gai.^N, where 0.01 
<0.05. The significance of this narrow range, in combination with the limitations of claim 

1, is explained on page 5 at lines 3-16. That is, an acute intensity peak occurs when this 
intermediate has a ratio x of approximately 0.03. When x is above 0.05, the crystallinity 
deteriorates and when x is below 0.01, the intensity decreases. 

2. The rejection currently of record fails to properly address this narrow limitation, 
either alone or in combination with the elements of claim 1 . It is noted that the narrow range 
provide the unexpected result identified above in (1), so that a proper rejection would have to 
address the narrow range, rather than merely assert that the narrow range is included in a 
broader range. 

Hence, turning to the clear language of the claims, there is no teaching or suggestion 
that " ... where (0.01 ^ x < 0.05)." 
Relative to Claims 7 and 16 : 

1 . The rejection currently of record shows that GaN is included in a listing of potential 
components for the barrier layers and in a listing of potential components for the n-clad. No 
where does the rejection show an example or statement in Nakamura '307 or '350 that GaN 

is desired to be used together in the same device. 

2. Because of this deficiency, neither Nakamura reference reasonably can be 
considered as anticipating this limitation. The Examiner has an initial burden to demonstrate a 
motivation to modify one of these two references. 

Hence, turning to the clear language of the claims, there is no teaching or suggestion 
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that "... wherein said n-type clad layer and said barrier layers are formed of GaN." 
Relative to claim 8 : 

1 . This claim contains a limitation that two parameters have, respectively, specific 
values. The barrier thickness is significant relative to the thickness of the n-clad layer, as 
identified in claim 1 . 

2. Therefore, the Examiner has the initial burden to demonstrate that this very narrow 
range of not only one parameter, but two parameters in combination, is taught or reasonably 
suggested in Nakamura '307. This burden is more than merely a statement that the broad 
ranges of these parameters in Nakamura covers this claimed range, as is currently done in the 
rejection (e.g., see MPEP §2144.05 II B: "A particular parameter must first be recognized as a 
result-effective variable, i.e., a variable which achieves a recognized result, before the 
determination of the optimum or workable ranges of said variables might be characterized as 
routine experimentation."). 

Hence, turning to the clear language of the claims, there is no teaching or suggestion 
that " ...wherein a thickness of said well layer is approximately 30 A and a thickness of said 
barrier layer is approximately 70 A". 
Relative to claims 9 and 17 : 

1 . Contrary to the Examiner's allegation, Nakamura '350 does not teach a 
configuration matching the description of claim 1 in which the barrier layers are stated to be 
GaN, and the n-clad layer is stated as also being GaN, arid the thickness of the n-clad layer is 
greater than that of the barrier layers. The ranges and listing of components provide, at most, 
the possibility of the described configuration. As pointed out above, Nakamura does not 
recognize the significance of having the same composition for the barrier layers and n-clad 
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layer. 

2. Therefore, Nakamura '350 does not anticipate claim 1, and the Examiner has an 
initial burden to provide a reasonable burden to modify it. 

3. Further, relative to claims 9 and 17, Nakamura does teach against using GaN as the 
first p-clad layer 61. The Examiner would have the initial burden of overcoming this express 
preference in Nakamura. 

Hence, turning to the clear language of the claims, there is no teaching or suggestion 
that "... a cap layer formed on said light-emitting layer, said cap layer being formed of a 
material substantially the same as said barrier layers." 
Relative to Claim 10-13 : 

The significance of the optimal thickness of the p-type clad is discussed at line 16 of 
page 1 1 through line 5 of page 12. Nakamura does not recognize the significance of the p- 
clad layer as related to optimal intensity for various wavelengths. Therefore, under MPEP 
§2144.05 II B, the Examiner has the initial burden of establishing a reasonable rejection for the 
narrower range claimed in the present invention. 

Hence, turning to the clear language of the claims, there is no teaching or suggestion 

o 

that "... wherein a thickness of said p-type clad layer is in a range of approximately 180 A to 
500 A, and a light emitted comprises green light in a wavelength range of approximately 510 
nm to 530 nm", "... wherein said thickness of said p-type clad layer is in a range of 
approximately 240 A to 360 A", "... wherein a thickness of said p-type clad layer is in a range 
of approximately 90 A to 390 A, and a light emitted comprises blue light in a wavelength 
range of approximately 460 nm to 475 nm", and "... wherein said thickness of said p-type clad 

o o 

layer is in a range of approximately 120 A to 300 A". 
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Relative to claim 14 : 

The significance of the optimal composition range for the p-clad layer is discussed at 
lines 6-14 of page 12. If x is smaller than 0. 10, the light emission is lowered because it is 
difficult to confine carriers in the light-emitting layer. If x is greater than 0. 14, the light 
emission output is lowered due to stress. Therefore, under MPEP §2144.05 II B, the 
Examiner has the initial burden of establishing a reasonable rejection for the narrower range 
claimed in the present invention. 

Hence, turning to the clear language of the claims, there is no teaching or suggestion 
that "... wherein said p-type clad layer comprises p-type doped Al^Gai.^N, where x ranges fi-om 
approximately 0.10 to 0.14." 

For the reasons stated above, the claimed invention is fully patentable over the cited 
reference. 

Further, the other prior art of record has been reviewed, but it too even in combination 
with the two Nakamura references, fails to teach or suggest the claimed invention. 

V. Formal matters and Conclusion 

In view of the foregoing. Applicant submits that claims 1 and 4-17, all the claims 
presently pending in the application, are patentably distinct over the prior art of record and are 
in condition for allowance. The Examiner is respectfully requested to pass the above 
application to issue at the earliest possible time. 

Should the Examiner find the application to be other than in condition for allowance, 
the Examiner is requested to contact the undersigned at the local telephone number listed 
below to discuss any other changes deemed necessary in a telephonic or personal interview. 
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The Commissioner is hereby authorized to charge any deficiency in fees or to credit 
any overpayment in fees to Attorney's Deposit Account No. 50-0481. 



Respectfully Submitted, 



Date: 




Reg. No. 36,769 



McGinn & Gibb, PLLC 

8321 Old Courthouse Road, Suite 200 
Vienna, Virginia 22182 
(703) 761-4100 
Customer No. 21254 
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